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(57) Abstract 

A pair of transmission lines 
(14), (15), one for a current system 
and the other a standby system, pass 
through child stations (12) in 
opposite directions from/to a parent 
station (11). Each child station (12) 
has a switch for connecting the 
current system transmission line 
(14) to the standby system 
transmission line (15) based on 
control information from the parent 
station (11) to form a small loop 
passing through the parent station 
(11). A failed part is found by 
circulating a test cell from the 
parent station (11) through the small 
loop, and then the child stations (12) 
adjacent to the failed part are 
controlled to form a turn-back loop 
to maintain the communication. 
After being recovered from the 
failure, the turn-back loop is 
canceled based on control 
information from the parent station 
(11), and the system including the 
recovered child station (12) is 
recovered to the initial one. 
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4 0*«fcV±^e>©^«^fi^5 0*5il:-r^SM^nSATM-fe;i/%AT 

M7-f y^-gP2 0 3HSE«S1-So £fc> >^7oi-7 2 0 2&, ± 

J£bfcLOS/LOFtfcffi«tB&*rLT^ao 

^^^7^^2 04(1 fc?£S§7 l-l&*IfibTSt5fc2 1-1-2 

i-pc««£*u 5^*2 1-1-2 i- P *e>3a6S«*ns««ATM-fe;v 

i: bT ATMJW yf-«5 2 0 3Clit^). 

ATMX-f^g|i2 0 3lt eSSK'T >^7*-^2 0 1 &tf"bTi££m£ft 
* ATM«b;w*5 JiVfiSSK-f 2 0 2 bT^gft^n* ATMt 
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ATM^-T y^-SB2 0 3*ATM^>f rv^-gPl 0 3 hPItllK:^ ATM 
■fe;i/0^^^gpt*S*fi^ns5gfttS«vp i/vc I l:t^tAAATMt;i/0 
tB*5feS85^U ^©^Ufctii*$feCSEATM-fe;i/$ai^r^«fcaK:LTAT 

ICfv 3©^2 0- l-CtttB"T*Hr;i/©VP I/VC I fc^tolft^bTzfe 
ItfcJU ^-b;i/A s A^J^n^^^M-fe;i/$:C©^2 0- 1©#J3935 2 0 5(3 

^^i->;>^b-reiciss^ >^7x-7 2 01,20 2izai*-rs«ta{cfliJ5Jc 

£*u 30^2 0- l-effift©-fe;i/&» A-T^>3 J:-5tc»J5K 
ffi|$|lg|S 2 0 5 i£x ATM7^5/fg]S2 0 3i:il$n> CO?R2 0-1©± 
2 0 3Ci5W5ATM-fe;i/©^m^»^SfTOo 
2 0 - 5&l2I3£;^bfc^M2 0- 10«|fiJti:l^filK:fllfi6^^So 

mz^ z<Dmm^x^^<nMmmft%mdzmw-fz> 0 m*.&. &asmm^^ 

Atlt 01t^bfcS*2 1 - 1-2 5-t i:bTx M*!**^ ^^-b 

s^ffitisffi^aj^ti^o ^n?>^*2 1 - 1 — 2 5 - 1 c^stfcausiRyu ^ 

j£S§7 1-1-7 l-5*5ibrKl-ra# : ?S2 0-1-2 0-5£«#>*>ft 

So c©cfc-5c> ^fis2 o- 1~2 *u a«© 

^i«t3#ft£*l£^2 0- 1-2 0-5 iz&rtz>i&m^—$i±&i&t&&o 

Sfif-^ilfCx 3Sffl^E^ISS4 O^ilbs T«ECD^»2 0-1-20-5* 
ilp^SbT^l 0£j*#>£ft3o SMI OfciU 3n?»^i2 0-1-2 0 
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2 0-1-2 0- 5Hii^Pt-^o 

0-1-20-51^ SifiT(Di^ffllfSI©S2 l-l~25-t!: 
- 5 S fette^US 4 0, 5 0 £Rm#&V^£3fr£K4rrSfc&©»»«/8 

h-fe;i/S««F&svMi-^PHT?«^©2 0-1-2 o-5tza»U"r^ 
?i2o-i-2o-5 ^eti^tit^mo^umm (±8Bf^ b-fe;wc*r-r 

3fc2 1-1-2 S-t'sjfcfclSftS-fe;]/^ TSE© : ?»2 0 - 1 - 2 0 - 5 ICfi 

cme>GD-te;ni* sffibfc^® 2 0-1-2 o-5»rtovp 1 tvc 1 

-fe;i/©fl|J5!c£EI4 tC^-To C©t;i/6 0lt 4 8>>W hCD^^MifBSBB 1 h> 

^tffgl-^ ±Ibfc«taCVPI (Virtual Path Identifier : {g*E^* 
MJffl^) £n VCI (Virtual Channel Identifier : {K&^*>*MKB!I3S 

sfc^^ACD*^ VPIi s ^2O-l~2O-50^Iftl)?), VC 
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ffl©r7 Hr;K r 20j #8S$8«?B©-fe;i/s r 3 Oj #»i&ti$g©^;ui*l^T 

mZ.lt. VP I = Is VCI = 30^t5^> COtJUt iilO^^tl 
SSfc&gcSftT^-S^J^ 0 - 1 £*&©tff8T-&D> VPI=n, V 

C I = 1 0 ii-T^iis Z(D-tM±, Mm 1 0^e.itnS@®l : §2 

w±©#i < > ^ 2o-i~2o-5 t± N gfttt «i*i§*«iwms«jRrigT?&* 

&jg 1 0*>£te$8I&4 Ofb <f4 5 0^Ml:-C^S2 0-1-20 
- 5 3S£f3fg©-fe;i/£j£ffi U l£^5fc©^ 20-1-20-5 

_b&bfc^i2 o- 1-2 o- s.c&tt*;** v^ynmmtt, * 

SVSK-b^e 0CS^< : FI2 0- 1 — 2 0-5rt©ATM7-f v^fflJ2 0 3 
?.ItnS@CD?i2 0-nf$)^ fl*&^-rSifflme$£&4 OStflftSrCa* 

i5 (a) IC&lMTs tJV6 0lt ill 0i^if;nSIO?I2 0-nC 
#1-£^{f$B£^-r ; fe£>T-2D*K -=e©^^£B6 2C{4. VP I =ik VCI 
= 2 0#!£££n-£^£o d©-fe;i/©SM^ ^2 0-n©ATM7-f y^SS 

2 0 3it ms (b) ^Tjk-r^oiz, mm-t^s o©£©fcjB^&*i*sw§3&e 
&s&4 0^18^2 o-nCJRs*nsJ»*ffli^©e3@a»7 llZ^-T^xt? 

06 (a) -b^6 014, MMl Ofr&Hfc (n+1) SI ©^2 
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0- (n+1) (Z^-ra«mig^^-r*)OT% *<D^yV®6 2 VPI 
= n+L VC I = 2 0#§&£&ftTV>*o $>2>o ;©t;i/6 0CS^ +^ 

2 0- n©ATM7^>^g|32 0 3lt 06 (b) 6 0 ©gftt-ffl^ 
n^>51ffl^^g§4 o&^|g^2 0-n©T^©^2 0- (n+1) ^<DM 

mUZ&^X, -fe;i/6 0(^ IIlOA^Et (n+2) S@©?1 1 2 ma- 
rS^lfcitSB&^-r&CD-ex *©^y^8B6 2£fct, VPI=n+2. VCI = 

3 0#l£^£ftT^3o d©-b;U6 0©g{fBfs ?12O-n0ATMX'f>^ 

gP2 0 3«. ni6 (b) iz7rs?nmtmm^ mi (b) ^-rj;?ic N mm-t 
)V6 o<D&m\zm^hft%mm3hfcm&4 o§ii?i2 o-n©T^t©+^2 

0- (n+1) A©ll^«4 0J;ai:«)Dii^^c 

H8(CjoVNT. -fe;v6 0&, mmi lfr£Jlfcn||g©+^ 1 2 t^-r^Pis 
^ffl^^ h-fe;uir. ^6D^y^Sfl6 2(C{i. VPI=n. VCI = 10#1££ 
£ftT^3o dO-b;i/6 0©g«EK ^2 0-n©ATM^^>>fS52 0 3lt 
E18 (b) t^-r^di^ 0 ©gffiCflH^ti£3i;8mfe5£S§4 0£ 



■fe;V6 0©§{H^^2 y^-SB 2 0 3 iZjS&ZXJ yf- 

jSIRlrvse;*-* y^-aiR^K:*t+s-fe;i/6 o©!&Mifr^©*»&^bfc&©T*& 

So 

11 1 0 $tli±»IA^nil©?12 0 - ni^lt, M 
ffl^e^SS 1 4 £3fiDT-t;i/6 0 (-fe;i/Ax -b;i/B N -te;i/CU -b;i/D) 
nSS^tiS. fr**#8ET-e. £1\ -b;i/A (VPI=n. VCI = 2 
0) £g{Sbfcn#g©+^2 0-ntlt ^^^©tiffgft^nSg©^* 
Ml 2^©SfcilMil?RT?&*i:I8i»U ^!2gfg-fe;i/A£gd^2 0-nf*ret»fg 
S!lIltS?i2 0 -nlzmmtZ>MJfc^fcMM%2>&olZ s gl^ATM^-f 
.yf2 0 3^ El 5 (b) lZ7F-T£.5teH£&lZXJ »^>;7tSo CfrltCj; »K 
-b;i/Attx C©^2 0-n©ATMX^ ^2 0 3 bTg^JS 2 0-n 
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mz, -fe;i/B (VPI=n+U VCI = 2 0) £§{f bfc n#S©^ 2 0 
-nflt M§8-fe^BGDtiHRrt§# N (n+l)il©^12^}9iSat 

iil2-fe;UB£ (n+1) SIO?1 1 2 ££31 U# 
£<fc-5lwx i^ATM7^^f2 0 3§H6 (b) -5 fc^C* >f y 

^^^-T^o dtUCfcUs *;VBI4i©fI2 0-nCDATM^-f y^-2 0 3$: 
^E&bTT«y©3lffllfM5MS§4 O'vfcSSSft*,, 

5I£*Ic£n -fe;i/C (VP I — n + 2 N VCI = 3 0) SSfibfcnSIC^I 

2 0-n^(i, mm-t^CfDmm^mK (n+2) #B©tPJS1 2-N©*lKtf 
«^fc5fc®fgi8ilS*£JS&l^ i£&-fe;i/C& (n+2) Sg©fJS2 0- (n 
+ 2) £fcMU#S£?fC N g^ATM7^^f2 0 3&IU7 (b) 

3 temmtiim y o d*UC<fct>s -b^C(idO-?M2 0-nOATM 
X-i 0 3&^abTT^'JO^ffl^^4 0^5l$n5o 

M£> -b;i/D (VPI=n, VCI = 10) ^S(Sb^n#gCD : ?^2 0 -n 
Ttes £&^;i/D©tiH8rtg#> . n|IB©^J32 0-n (&m) ^OBSSIffl 
h*;i/T?&3fc©KWWg£CJftCT* MiR-te-M/D $r±_»'J© (n-1) #a 
O?I2 0- (n-1) !:ilW#5<tol^ glrtATM^-f y^2 0 3 £H 
8 (b) £^-T<fc >W y^>^-T3o £CD*^ y^>^3R!!8C:&lv^ 

-b;i/D{in#@cD^2 0-nT'^fflmfi^5§4 0 e> ^tt^eSSES 5 0^£#t 
t>jg£*U (n-1) Si, (n-2)fl, 2SS, lSBO^SSH' 

W±©*n<, ?^20-l~20-5gt^ Hz;b©«ffil*l£U:«fc-3TgJ30 
ATM^-f >^$7-f^f>^t5ISI> ia9^"r«fc-5K:> -b;i/Att-fe;UA' 

iibTJH*^ -fe;i/B, c&, ^aven-t^B' N c J:utTSo^§2 0- 

(n+1) ^ -b;i/DI±Hr;uD' £ LX%Lm 1 0 £fcfi±$K© ; ?rafc: j eft-€ , i'i£ 
CCDcka^-b^eSSSflffl^^to^T^ i«10li, ?JB20-l-20-5<fc 
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b-b)\'ifijBj&£tirzM&&. &&[sttm2 0-1-2 0-5 tcomcDfcmffit 

^o^m2 0-1-20-5 izi±m , mib i ^Lx^^ji^t^mr^s sfc^* v 

&^J§2 0- 1 -2 0-5A*&*)> *<D?m2 0- 1-2 0-5tffiItSC* 

cic-e^ mmi oiz&ttz^xb^)v&&m$ntzti^fr(Dmm&mz^x 

fciU fll&fclU fe§^S2 0-l-2 0- 5l:||ltlt 2-3^-OP^t 
j^M^tv&i^^ -f A3"— K> ^H^fe.h¥!l$rb> W\<D=?m>2 0-1-2 
0-5fcHb"tfc3\ 0U£«. 4~5fr<DmiZ~£Mmtsntj:l^m&fc#'( Atwt 

^2^1/^2 0 - 1-2 0-5£^bT£3££*i££^©H#H£^"*"£o 
IOl^ M 1 0 *^^t±t»l 20-1-20-5 ©*l»fl$ffli:T«E 

#j?i2 0-1-2 o- scommmmizmtt^tzmizmfeismzztitw? tr- 
ssiUB-rs (x^^n i 2) o 

3) o 

cit, TXh^frtimm&Bm&mmx'iEn&mT'gtzhmmtstizt u 

^^7*1 1 3T-YES) > iRJSl O^^Mfc^JSKOJlSS^S-^nS r lj -f 
>*U*>rb Ufv71 14) , tfjtds a^l 
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5) o 

5TN0) , X^v71 1 2\zm.*>. 7.7-y71 1 2~7.t-v*71 1 5 OWmtf 

4 o frzmmzkfcmm 5 o & 1 o -cgra-e £ & c £ iztt s 

16), dCD^* h^^Mt-^^MMM^^T-T^o 

ry71 1 3T*N0) , CO^ ill 0 frbfLX nSS(D?§l:M btl^f 
#$g£LT^££:4«-r3 C^y^l 1 7) o 

suit ±m^xh*)i<m<mz£&mm&mmmiz&tt%?m<Dmm*7FT 

Ell l£:fc^T&s Mmi 0fr£JiTnSg©^»£:J3tt£&&fc^l/ 

Ell CCD^* S ^1 0iP^Sffl^e26K4 0gfit-b;i/4§i 

f^h (X^v72 1 1) . £?\ C©SH:;KOVPI4JSIit> f&fc-fcx 
VPI=niPSi^ Ury72 12) o £ ©g{§-tr;i/#gMii-?\ 

lT&fc*>x VP I =n-e$>2>h$m£tl2>h Uf«;72 1 2T*YES) N 

cogfg-fe^ovc i a*^;* h-b^^^-r. -r&fc>t>vc i = 1 o 

Uf^72 1 3) o 

Ilts CCD^I-b^^r^h-b;^^ "f«ttot) V C I = 1 0 T?&£ 
mZti&b Urf7'2 13TYES)s CcD^JC&l^TfUS 1 0 fr&aUBS 
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V\ lT&;bt>s VP I =nT-^V^h*iJ»f^n^h Uf'y72 12"CN0) , d 
s/72 1-6), 

t\ t^VCI = 1 O-C&^fctfJKfSftSi: 1 3T-NO) N Z 

5) o 

mmi ofrt>m,m&&m&4 o^it?i2 o- (n- n mxiz^-x nr 

JVtisfcmZti, Z.(DtX Hr;i/*s^JS2 0- (n-1) SB £*u 

i3SK5 O^Ltiil 0^IE?»ge£ft&»^£5*b-tl^. ;r©±§l§r> 31 

m%k&m&4 o^mz^x, ^20- (n-i) ^^■^©^©siffim 

ffl^eiSSB4 0 £*MbT^2 0-n^T(I^^ h-fe;i/£e?£bfc* s s ^2 
O-n^Djg^nStt-TO^^ h-feMJM&Bl 0 *e^F«^e39SIS 5 Ofrio&m 
■C-l^oM^UV^o C©tl£\ fi2 0-ngl<ii?12 0- (ri 
- 1) Z.*m2 0-n©H©e$fSI&4 0£fcfcfc5 OCMtfSB^bT^Si:^ 

i o c: £3 0 
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2) o 

3) o 

>^u^>M (7r^7i 24), ^1;, m.mi ofrz&ttmcDMm&TF-r 

5) o 

5TNO) , 2 2i:i^ 7f»;712 2~^^^^°1 2 5 <D^S* S 

iifS^^^A<D^CDlliStNlc:5tbfei:*«J»f^ni>i: UT>y71 2 5tYE 

2 6), zcD^x b-tfrmmizzzmmtfiMm&mTTZo 
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#n:ggcD^m:#f *)&$ti-am 1 oxjEm&mx-gtt^iimmztizt u 

f^7123tN0) > Z(Dm&s MM 1 O^^ItnSIC^CHlTR^ 
S-^mSCOalM^^^AO^MOJSSCNCSa^b Ufyri 27) , Z<D& 
Ufv71 28). 

9) o 

fy71 2 9T*YES) N mm I 0 *^Mfc^©HiS^^1"#^m^ rijf 

n+ 1 izmisX^tz^tmmznz t c^^i 3 it*no) n xr^ri 2 

^^13 l©i|3j»fl-«t»)a»l 0 ip tSf mtf n + 
1 Izmhtct^MZftZt. Ufy713 1-trYES) x d©*§£\ ^©li^ 

J-Ts Y^frtmm&BM&S 0fr£#«^fij£g&4 OAlr^^niMl o-cs 

fil-Cn+ltlS-eo^ICHtTBiSftU tftt>"&nSgO?li:Hlta) 

tmmznzt (xr>^i2 9tNO) s n&m&^mtmmu 
(D^mtomzmL-cmmtm^x^^iimm-r^ 3 3) 0 

&&&&&& 5 ons-c^* n*;i/%si<S"raita.3ii:$i(a^'&t>-&THi*«^iB 
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7142), 
3) « 

r^71 4 3t*YES) > 0 *^Ifc?JI©It&^ttf nS r i >f 

>i?iJ^>M Ur^71 4 4) N i91 0 Ji 1 fc : ?«<2>Jli#£^-f 
e>^,fc : ?^©IBS*^t'S-§-mi:^b<«i:o&*»*Sa^S (7r^714 5) « 

^CDJlSm^^-r#^m^^b<^^^«^n§i: Uf^714 5tN0) , 
Xt^71 4 2t:M^ ^f«;714 2~*^>y7°l 4 5 CD^LSA 5 ^ jg^tlSo 
7r^71 4 5©2pJWrtC<fc*)a»l 0fr£jafc^©MS&^*-»n#2fc?iJ 
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Mm*7rsirm^m£mL<tj:^tz£$im£tlZ>t (^^71 4 5T-YES) , 
X^A©±T©^SiZP^bTl^*&b^J$rbT Ur'>7*14 6) , -©^^ 

148), 

9) o 

(Xry714 9TYES) > i§ 1 0 #>£flfc^©Jli#£^-r#-^m£ 
rij f^'J^>M 5 0) > 1 OfrfcHfc^GXS* 

1) o 

P©«SS^-rS^ni:«b<3&:v^*|Wf^nai: 5 1TNO) > 

5o*5)gi< lif^fli^esiK 4 o ^ e gm-c ^^J:«^t\> ©sua 
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3 Ur^ri 5 2 ) o 
£Ts ±S3^{Cct tK ^-Ttl^©^2 0- 1 — 2 0- 5fe£^&e3£S§£ 

11 1 6(Z*5l>T, (n - 1) #B©-?JB2 0- (n - 1) i:nflO?I2 0 
§10t-t^n5^ i^lOft »S«^EBIrt<Z)nSB© : ?»2 0-n© 

wse^j^ -rtet>*>±mmizmtzz> (n-i) sg0?i2o- (n-i) 
Tmmizmfcz (n+i) si©?i2o- (n+n nm^n^m 

d®B#0-fe;i/CDM{M^?£^bT(i. (n-1) f@O?I2 0- (n-1) K 

MUli, mMm<K32lS&4 0£Stb> l#g©^-*2#i©^Jl^ #IrIC 

SlfiU (n+1) SIO?I20- (n+1) CMLtlt ^r«meSI 

ssso&iib, ±13 (n-i) tiof^i ziznt^u^titmysmzmm-r 

o 

(n-1) #§©^12 0- (n-1) £S©-fe;WC:3tf bTs ^(D±mW^ 
ftoo cnWU (n-1) SIO?JS2 0- (n-1) tt, ±ffi-fe;u££<I 
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yf-ZZJ y^>7mm-?Z>o Z®t£^ (n-1) Si©?12 0- (n 

-l) tmmi imizizffi*)MLfcm&8 lmzmgnzo 

±&X<< y3->Vtoffl<D'& (n-l) Sgo?^2 0- (n-1) frh±M 

(n+1) fi©?12 0- (n+1) £S©-te;i4C*rUT^ ^<D±M!l 
(3iffllfM55£S§5 0±T-&TM'J) gJg3S"C&i^gE-fe;]/£J|M;:T 
«Effi!l^^-rS«fc'5*c^'r ^f>^W$firOo CfUzfcTU (n+1) s@o 
?^2 0- (n+1) «u ±gB-fe;i/£gm-£i:x 

(n+1) ilO?I2 0- (n+1) hMMl 0Hl;:H#r!5$gLea!K8 2 # 
JKfiJc^n^o ±IB^-f ^^->^S!l»0«x (n+l)SS©?§2 0- (n + 

1 0 izmmztiZo 

*fc-fe;i/&&f§U £Sft4>^PJTOMfP£B (CPU) ASKSfi-b^tZ^bfc^ 
-f v^©Iffll*ettbr«fDSbe2IK8 lfc£^fci:8 2 hiCcfc t) 

*B©^»2 0-n©»&™^#&igU5a!S&8 Is 8 2 SJBfifc-f 

itisaiita^*^^ mis. niso?i2o-nt-0^m 

u©nSl(D?^2 (n-1) #g©^»2 0- (n- 1) T* 
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tz (n+2) #g<z)^m 2t-«f % MLfcrnrnzmm? zm, ^mn^m^ti 
-fe K <d mm t3 j& i: x &M(D?mx a>$r*)kvfflm&nmx%z>o 

^(i5£^e^S§©miB^^Tbfe^ §KS/7rASn#g©^2 0-n 

0#»IofcgL §£$Jil 0*^e>l»g? : ?^2 0- (n- 1) RZF2 0- (n+ 1) 

S^3S©-fe;i/**f DTgL/jSjas-rsfctoo^-f y^fc£&&K:»ttfc#*fi££:bfc« 
gS^t*)II10*^ (n-l)iS0?I2O- (n-1) Sal 

§20- (n-1) &t>*2 0- (n+ 1) 3fc£ N tf&SgbS/BRfc-ratiHRrtgF* 

Mirz%i\<DmfcmzMiz^xmi7*^mLxwiw-?2>o nm^^x, 10 
at±s mmi o<Dmm&&&s&4 o±<D&mj£Rvmmm&mR5 o±©smjs 
tK 10 3ifflme^8S4 o±©£«j£Rim**^eaiis&5 o ±<Dmm 

Z.<D$m<DJM&fcj£\,\X\Z* 111 00 1 0 a^cfc D^ffi^1S33IS§4 0£ilb 
TrXh-fe;^ : fi2 0i;glt?)o Hr;i/^S®bfc : ?»2 0 ii. 

* b-fe;i/^m^T^©^2 ociiu mm, mmi 001 ob^t-ii^? 
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t x u % t mm x § a o 
(D=?-m2 oRvftmfcm&cDmw&s.&mm.fitxg, i^o^-riicis^o 

2 0£StcmB^X h-fe^&^sfi.— &M2 0*>£fi^lfM5MS§5 0£ 

0) -CfT^So 

ill 0tfc(i§?§2 0§ATM7^ y^-C«fiELfcA 
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m 1 8(C^-rjlfS^^^A{C*5^-r(i. §y-h*gf 1 Oj$£U2 o - 1-2 
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